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SUMMARY 
A l a rge - ' s ca l e  mode l  t ha t  r ep resen t s  a wing-elevon junct ion on a 
S h u t t l e - t y p e  e n t r y  v e h i c l e  was aero thermal ly  tested i n  the  Langley  8-Foot High- 
Temperature Structures Tunnel.  The purpose of t h e  test was to s t u d y  t h e  f l o w  
pat tern between elevons and to  de te rmine  the  pressure a n d  h e a t  l o a d  w i t h i n  t h e  
chordwise gaps formed by  ad jacen t  e l evons  and  by  the  s tub  f a i r ing  wh ich  sepa- 
rates t h e  e l e v o n s .  T e s t s  were performed a t  a free-stream Mach number of 6.8 
with  a t u r b u l e n t  b o u n d a r y  l a y e r  o n  t h e  wing  and elevon. Nominal test  c o n d i t i o n s  
were a dynamic pressure of 62 kPa and a t o t a l  temperature of 1870 K to produce 
a f ree-stream uni t  Reynolds  number of 4.6 x 1 O6 m-l . Both model angle of 
attack and  e levon def lec t ion  angle  were v a r i e d  from 0 to l S O ,  and gap widths 
between the s tub and elevons were varied from 0 to 1.1 9 cm. The corresponding 
v a r i a t i o n  i n  gap width between elevons was from 7.26 to 9.65 cm. 
T e s t  r e s u l t s  i n d i c a t e  t h a t  h e a t i n g  i n  t h e  n a r r o w  g a p s  b e t w e e n  t h e  s t u b  
and  e levons  (near   the  e levon  hinge  point)  occurs p r i m a r i l y  a l o n g  t h e  a f t  edge 
of t h e  s t u b  n e a r  t h e  windward s u r f a c e  of the  wing.  Elevon-stub  gap  heating 
is p r o p o r t i o n a l  to wing hea t ing   and  is independent of e l e v o n   d e f l e c t i o n .  Gap 
pressure   and   hea t ing  are i n v e r s e l y  p r o p o r t i o n a l  to gap  width.  Maximum measured 
h e a t i n g  was 36 percen t  o f  t he  tu rbu len t  hea t ing  on  the  wing  and occurred for an 
elevon-stub gap width of 0.18  cm. 
The aerodynamic heat ing within the larger  gap between the elevons 
(downstream of t h e  h i n g e  p o i n t )  is p r o p o r t i o n a l  to t h e  hea t ing  on  t h e  windward 
s u r f a c e s  of the   e levons   except   near   the   l eeward   sur face .  Gap h e a t i n g   v a r i e s  
inversely  with  gap  width.  Maximum h e a t i n g  of 30 p e r c e n t  o f  t h e  t u r b u l e n t  h e a t -  
ing on the  e levon was obtained  with  an  e levon  gap  width of about  7.7  c m .  The 
hea t ing  wi th in  t h e  large gaps between elevons and the narrow gap adjacent  to  t h e  
s t u b  is o n l y  s l i g h t l y  affected by the Reynolds number v a r i a t i o n  of t h e  p r e s e n t  
tes ts .  
INTRODUCTION 
Winged hypersonic  vehic les ,  such  as t h e  Space  Shut t le ,  requi re  wing-e levon 
control s u r f a c e s  t h a t  c a n  tolerate the  h igh  aero thermal  loads of  hypersonic  
f l i g h t .  The Space S h u t t l e  i n c o r p o r a t e s  s p l i t  elevons  on  each  wing as d e s c r i b e d  
in   re fe rence   1 .   Thus   fa r ,   p r imary   emphas is   has   been   g iven  to de termining   the  
hea t  load  wi th in  the  cove  be tween the  wing  and  elevon  (refs.  2 and 3)  . The 
split elevons are separated by a s t u b  which serves as a s t r u c t u r a l  f a i r i n g  a n d  
an  end seal for t h e  c o v e .  O r i g i n a l l y ,  t h e  s t u b  was designed  with  narrow  chord- 
wise gaps  between it and each elevon, and t h e  hea t ing  wi th in  these  gaps  was of 
grea t  concern .  
Since the complex flow between elevons is not amenable to a n  a n a l y t i c a l  
so lu t ion  and  the re  had not  been  any  publ i shed  s tudies  of g a p  h e a t i n g  f o r  t h i s  
c o n f i g u r a t i o n ,  a l imi t ed  expe r imen ta l  s tudy  was made of the aerodynamic heat ing 
between  elevons for t h e  Space S h u t t l e .  The S h u t t l e  d e s i g n  c r i t e r i o n  was 
de f ined  on t h e  basis of  unpubl ished data from a small-scale model tested i n  
an arc tunne l  wh ich  ind ica t ed  tha t  e l evon  s idewa l l  hea t ing  could be assumed 
equa l  to the  hea t ing  to the  e l evon  windward su r face .  More recent  unpubl i shed  
results from a 0.04-scale model tested i n  t h e  same f a c i l i t y  w i t h  l a m i n a r  flow 
i n d i c a t e d  e v e n  g r e a t e r  h e a t i n g  i n  t h i s  area. However, reliable detailed heat-  
i n g  d i s t r i b u t i o n s  are d i f f i c u l t  to obta in  f rom such  small-scale tests. 
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A l a rge - sca l e  model t h a t  r e p r e s e n t s  a Shut t le - type  wing-e levon junc t ion  
where ad jacen t  e l evons  are separated by a s t u b  f a i r i n g  was ae ro the rma l ly  tested 
in  the  Langley  8-Foot High-Temperature Structures Tunnel. The purpose  of  the  
t e s t  was t o  s t u d y  t h e  f l o w  pa t te rn  be tween e levons  and  t o  de te rmine  the  p re s su re  
and h e a t  load wi th in  the  chordwise gaps formed by the  e l evons  and  s t u b  and by 
the  ad jacen t  e l evons .  Tests were performed a t  a free-stream Mach number of 6.8 
wi th  a tu rbu len t  boundary  l aye r  on t h e  wing  and  elevon.  Nominal test  c o n d i t i o n s  
were a dynamic pressure of 62 kPa and a to ta l  temperature of 1870 K to  produce 
a free-stream uni t  Reynolds  number o f  4.6 x 1 O6 m-’. Tests were also performed 
a t  a reduced temperature  of 1500 K and a t  reduced un i t  Reyno lds  numbers t o  
1 .05 x m-l .  Both  the model angle  of a t tack and   e levon  def lec t ion   angle  
were var ied from 0 to 15O, and gap widths between the s t u b  and elevons were 
varied  f rom 0 to 1.19 cm. The cor responding   var ia t ion   in   gap   wid th   be tween 
e levons  was from 7.26 to 9.65 cm. T h i s  pape r  p re sen t s  results of these  l a rge -  
tests. 
SYMBOLS 
normal  d is tance  in to  gap  f rom windward surface ( f i g .  6 ( a ) ) ,  m 
p r e s s u r e  , Pa 
dynamic p r e s s u r e ,  Pa 
hea t ing  rate,  W/m2 
rad ia l  d is tance  f rom wing t r a i l i n g  e d g e  ( f i g .  6 ( a ) ) ,  m 
uni t  Reynolds  number, rn” 
temperature  , K 
gap width between elevons,  m 
gap width between elevon and s t u b ,  m 
model c o o r d i n a t e s  ( f i g .  6 (a )  ) , m 
angle  of a t tack,  deg 
e levon def lec t ion  angle ,  deg  
S u b s c r i p t s  : 
e elevon s u r f a c e  
R lower elevon 
t total  
U upper elevon 
W wing s u r f  ace 
W f r e e  stream 
APPARATUS AND TESTS 
Mode 1 
A wing-elevon  model shown i n  f i g u r e  1 was a e r o t h e r m a l l y  t e s t e d  i n  t h e  
Langley  8-Foot  High-Temperature  Structures  Tunnel. The  model cons i s t ed  o f  a 
f l a t  wedge with a sharp  leading  edge ,  a c i rcu lar  leeward  sur face ,  and  two ele- 
von f l a p s  s e p a r a t e d  by a s tub .  Fences  were a t t a c k e d  t o  each  s ide  o f  t he  model 
to ensure two-dimensional  f low on the wing p o r t i o n  of t h e  model. Near t h e  
l e a d i n g  e d g e ,  f l o w  t r i p s  t h a t  were s ized  and  spaced  in  accordance  wi th  re fer -  
ence 4 were a t t a c h e d  to t h e  model to produce  an  even  turbulen t  boundary  layer  
on  the windward su r face .  The  model,   fabricated  with  1.27-cm-thick steel walls, 
was mounted v e r t i c a l l y  on a wedge-shaped c e n t e r  support a b o u t  which the model 
could  rotate  fo r  ang le s  o f  a t tack from 0 to  15O. The t w o  e levons  were hinged 
in  the  s tub  and  the  uppe r  and  lower fences  and  could  be  ro ta ted  independent ly  
from 0 to 15O. E levon  pos i t i on  was f ixed  be fo re  each  test  by b o l t i n g  t h e  ele- 
vons to  the  f ences .  On t h e  b a s i s  o f  s t u b  w i d t h ,  t he  e levons  were approximately 
50 pe rcen t  sho r t e r  t han  those  des igned  fo r  t he  Space S h u t t l e .  
Pho tographs  o f  t he  mode l  i n s t a l l ed  in  the  wind tunne l  are p r e s e n t e d  i n  f i g -  
ure 2. Figures  2 (a )  and  (b) are f r o n t  and   s ide   v iews ,   and   in   f igure  2 ( c ) ,  t h e  
upper  elevon  has  been removed t o  show t h e  s t u b .  P e r t i n e n t  model  dimensions are 
g i v e n  i n  f i g u r e  3 which is an  exploded  view  of  the  model. The  model was 246.0 cm 
long  and 132.0 cm wide. Maximum model  depth was 30.5 cm. The l eng th   f rom  the  
leading  edge to t h e  e l e v o n  h i n g e  l i n e  was 200.0 cm. The e levons  were 45.7 c m  
long,  62.2  cm wide a t  the  lead ing  edge ,  and  61.0  cm wide a t  t h e  t r a i l i n g  e d g e .  
Stub width was 4.9 cm. 
The elevon-wing junct ion was s e a l e d  to eliminate f low in  the  cove  area 
formed by the elevons and wing. The gaps between the s tub and elevons and the 
la rger  gap  be tween the  t w o  e l evons  were n o t  sealed.  Spanwise seals were u s e d  i n  
conjunct ion  wi th  the  model  fences  to  form a c losed  cav i ty  be tween  the  wing 
h inge  sec t ion  and  the  e levon as shown i n  f i g u r e  4. Although the  open  s ide  of 
t h e  c a v i t y  is exposed to  the  s tub  fo rward  o f  t he  h inge ,  t he  seals restrict  any 
poss ib l e  f low th rough  the  junc t ion .  However, t h e r e  was a narrow spanwise gap 
a t  t h e  j u n c t i o n  o u t s i d e  o f  t h e  c l o s e d  c a v i t y  as shown i n  f i g u r e  4.  High  pres- 
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s u r e  a t  the wing-elevon junct ion could produce spanwise flow, as i l lustrated 
i n  f i g u r e  5 ,  t h a t  would  reach  the  s tub  and  cont r ibu te  to t h e  flow i n  t h e  e l e v o n -  
s tub  gaps .  
The model in s t rumen ta t ion  loca t ions ,  t he  mode l  coordinate system, and the 
d i s t a n c e s  r and d are i l l u s t r a t e d   i n   f i g u r e  6.  The  wing t r a i l i n g   e d g e ,  
which is t h e  origin of t h e   r a d i a l   d i s t a n c e  r ,  is loca ted   by  x and z coor- 
d i n a t e s  of -3 .43  and -7.62 cm,  r e s p e c t i v e l y .  The l o c a t i o n s  of t h e  p r e s s u r e  
orifices and thermocouples on the model wing and elevon windward surfaces are 
i n d i c a t e d   i n   f i g u r e   6 ( a ) .   I n   f i g u r e   6 ( b ) ,   t h e   i n s t r u m e n t   d i s t r i b u t i o n ,   o n   t h e  
s t u b  s i d e w a l l s  is i n d i c a t e d .   A l t h o u g h   t h e   p r i m a r y   o b j e c t i v e  of t h e s e  tests 
was to  de te rmine  the  ae ro the rma l  load  t o  t h e  s i d e w a l l  of t h e  s t u b ,  t h e  e l e v o n  
s i d e w a l l s  were also instrumented. The i n s t r u m e n t   d i s t r i b u t i o n   o n   t h e   s i d e w a l l  
of t h e  e l e v o n s  is i n d i c a t e d  i n  f i g u r e  6 ( c ) .  T a b l e  I p r e s e n t s  t h e  e x a c t  coor- 
d i n a t e s  of i n s t r u m e n t a t i o n  for which d a t a  are  t a b u l a t e d  i n  t h i s  p a p e r .  P h o t o -  
g r a p h s  i n  f i g u r e  7 of t h e  s t u b  a l o n e  a n d  a t t a c h e d  to  t h e  model show t h e  
the rmocoup le - ins t rumen ted  th in  p l a t e s  t ha t  were mounted f l u s h  w i t h  t h e  model 
surface. Details o f   t h e  plate  are p r e s e n t e d   i n   f i g u r e  8. A chromel-alumel 
thermocouple was a t t a c h e d  to a 0.08-cm-thick s t a i n l e s s  s tee l  plate ,  which was 
h e l d  i n  p o s i t i o n  w i t h  two screws. The p l a t e s  were i n s u l a t e d  from t h e  model  by 
a cork material to minimize  thermal  conduct ion  be tween the  p la te  and  the  model 
structure. Computa t ions   ind ica te   tha t   conduct ion  errors i n  h e a t i n g - r a t e  mea- 
surements are n e g l i g i b l e  for t h e  p r e s e n t  tests. 
F a c i l i t y  
The  model was tes ted in  the Langley 8-Foot  High-Temperature  Structures  
T u n n e l .  T h i s  f a c i l i t y  is a hypersonic  blowdown wind   t unne l   t ha t  uses t h e  com- 
b u s t i o n  p r o d u c t s  of methane and a i r  as  t h e  test medium and operates a t  a nomi- 
n a l  Mach number of 6.8,  a t  t o t a l  combustor pressures between 3 .4  and 24.1 MPa, 
and a t  t o t a l  temperatures  between  1400  and 2000 K. Corresponding free-stream 
Reynolds  numbers  are  between 1 x l o 6  and  10 x l o 6  m-l. These conditions simu- 
l a t e  the  ae ro the rma l  f l i gh t  env i ronmen t  a t  Mach 6.8 i n  t h e  a l t i t u d e  r a n g e  
between 25 and 40 km. The model is re t a ined   be low  the  test  chamber dur ing  
tunnel  s tar tup and shutdown and is i n s e r t e d  when t h e  d e s i r e d  stream c o n d i t i o n s  
are e s t a b l i s h e d .  A d d i t i o n a l  i n f o r m a t i o n  p e r t a i n i n g  to t h i s  f a c i l i t y  may be 
found in  re ference  4 .  
T e s t s  
The  model was t e s t e d  a t  t h e  c o n d i t i o n s  l i s t e d  i n  t a b l e  I1 which  include 
the  tunne l  dynamic  p res su re ,  t o t a l  temperature ,  free-stream uni t  Reynolds  num- 
be r ,  mode l  ang le  o f  a t t ack ,  e l evon  de f l ec t ion  ang le ,  and  gap  wid ths .  The  model 
was t e s t e d  p r i m a r i l y  a t  a dynamic pressure of  62 kPa and a t o t a l  tem e r a t u r e  of 
1870 K to produce a f ree-s t ream uni t  Reynolds  number of 4.6 x 1 O6 m- 7 . The 
model angle of a t tack ,  e l evon  de f l ec t ion ,  and  gap  wid ths  were v a r i e d  t o  para- 
m e t r i c a l l y  s t u d y  t h e i r  effects on  the  pressure and  hea t ing  wi th in  the  gaps .  
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The  initial  test,  indicated  in  table 11, was  conducted  with  the  spanwise  gap, 
described  earlier,  sealed  at  the  ends  with  silicone  rubber  adhesive  to  prevent 
any  spanwise  flow  and  thereby  isolate  the  effect  of  spanwise  flow on gap 
heating. 
For  the  maximum  gap  width,  model  angle  of  attack (a )  and  elevon  deflection 
angle (6) were  varied  from 0 to 15O. Nominal  conditions  of a = 1 Oo and 
6 = loo were  chosen  for  comparison  purposes  when  other  test  parameters  such 
as  gap  width  were  varied. The gaps  were  varied  by  placing  various  thickness 
shims  between  the.  elevons  and  the  fences. The  gaps  between  the  stub  and  ele- 
vons  (w)  were  varied  from 0 to 1.19 cm;  the  corresponding  variation  in  the 
larger  gap  between the.two elevons (W) was  from 7.26 to 9.65 cm. The  model 
was  also  tested  with  unsymmetric  elevon-stub  gaps  by  fixing  the  lower  elevon 
at WE = 0.18 cm and  adjusting  the  upper  elevon  for  wu  values  of  1.23  and 
0.59 cm. With  wu = 0.59 cm and WE = 0.18 cm, cx and 6 were  varied  as 
in  the  previous  tests  with  the  maximum  gap  width.  The  model  was  also  tested 
with  unsymmetric  elevon  deflections. The lower  elevon  deflection  was  fixed 
at loo while  the  upper  elevon  deflection  was  varied  from 0 t  15O. 
Additional  tests  were  made  at  off-nominal  tunnel  flow  conditions. O e 
test  was  made  at  a  reduced  temperature  of 1500 K and  two  other  tests  were  made 
at  reduced  dynamic  pressures  of 45.1 and 14.9 kPa  for  unit  Reynolds  numbers  of 
3.22 x lo6 and 1.05 x lo6 m-l. 
RESULTS  AND  DISCUSSION 
Oil-Flow  Visualization 
The windward  flow on the  model  near  the  elevon-stub  region  is  described 
by  the  typical  oil-flow  pattern shown in  figure 9. This  pattern  was  obtained 
during  the  test  with  maximum  gap  width  and  with a and 6 at loo. The pat- 
tern  indicates  that  the  flow  is  straight on he  wing  and  elevon  excegt  near 
the  edges  of  the  gaps. The  waviness of the  oil  streaks on the  lower  elevon 
is  caused  by  machine  irregularities  during  fabrication. 
The  gap  flow  is  described  by  the  oil-flow  patterns on the sidewalls  of 
the stub  and  lower  elevon  (upper  elevon  removed)  shown in figure 10. These 
patterns  were  obtained  with  the  elevon  deflected loo and  the  model  angle  of 
attack  varied  from 0 to 15O. The  flow  around  the  stub  sidewall  and  base  is 
insignificant.  However,  the oil  pattern on the  elevon  downstream  of  the  stub 
indicated  that  the  flow  between  the  elevons is  significant  and  varies  appreci- 
ably  with  angle  of  attack. At a = Oo (fig.  lO(a)),  the oil  flowed  toward  the 
center of the  elevon  sidewall  from  both  the  windward  and  leeward  sides  of  the 
model,  and  although  a  separation  was  not  clearly  indicated,  the  flow  appeared 
to  reattach  near  the  center. As a was  increased,  the  flow  pattern  changed 
so that  the  oil  flowed  predominately  from  the  windward  side  of  the  model  for 
a = 15O. . 
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Wing and Elevon Surface  Pressures  and  Heat ing  Rates 
Measured surface pressures  on the wing and elevon are compared wi th  
p r e d i c t i o n s  i n  figure 11 for the   va r ious  test cond i t ions .  The data f a l l  a long  
t h e  45O l i ne  r ep resen t ing  ag reemen t .  P re s su res  were predicted from  surveys  of 
t unne l  test media reported i n  r e f e r e n c e  4, t h e  flow properties of the combustion- 
product test medium from reference  5, and  the  ob l ique  shock  r e l a t ionsh ips  f rom 
re fe rence  6 .  
Measured hea t ing  rates on  the  windward s u r f a c e s  o f  t h e  wing and elevon 
are compared w i t h  t u r b u l e n t  p r e d i c t i o n s  i n  f i g u r e  12 for t h e  v a r i o u s  test  condi- 
t i o n s .  P r e d i c t e d  h e a t i n g  rates were ob ta ined  us ing  Eckert 's r e fecence  en tha lpy  
method described i n  r e f e r e n c e  7 for a tu rbu len t  boundary  l aye r .  The model lead- 
ing edge was used as t h e  v i r t u a l  o r i g i n  s i n c e  t h e  f low was t r i p p e d  n e a r  t h e  
leading edge.  The same v i r t u a l  o r i g i n  was used for bo th  the  wing  and  the  elevon 
w i t h  t h e  r e s p e c t i v e  p r e d i c t e d  local p r e s s u r e s .  The measured h e a t i n g  ra tes  on 
t h e  wing were about 20 p e r c e n t  below t h e  p r e d i c t i o n s ;  t h i s  r e s u l t  is c o n s i s t e n t  
with measured f l a t - p l a t e  h e a t i n g  rates i n  t h e  same f a c i l i t y  p r e s e n t e d  i n  
r e f  Sr ewe  4. 
I n  t h i s  r e p o r t ,  measured p res su res  and  hea t ing  ra tes  wi th in  the  gaps  are 
re ferenced  to t h e  wing and elevon pressures  and heat ing rates (measurement loca- 
t i o n s  shown i n  f i g .  6 ( a ) )  t h a t  are l isted i n  table I11 fo r   each  tes t .  Normalized 
pressures  and  hea t ing  rates f o r  p e r t i n e n t  l o c a t i o n s  o n  t h e  s t u b  base, both side- 
walls o f  t he  s tub ,  and  the  sidewall of each  e levon are p r e s e n t e d  i n  tables I V  
and V. These normalized heating rates wi th  a tu rbu len t  r e fe rence  canno t  be coin- 
pared d i r e c t l y  w i t h  the  unpubl ished data ob ta ined  w i t h  a laminar  re fecence ,  
because t h e  h e a t i n g  rates i n  s e p a r a t e d  f l o w  r e g i o n s  are n o t  t o t a l l y  d e p e n d e n t  
upon the  boundary  layer  condi t ion  of the  a t tached  f low.  
Elevon-Stub Gap Pressures and Heating Rates 
Flow p e n e t r a t i o n  i n t o  t h e  narrow gaps between the elevons and s tub was n o t  
ex tens ive  as i n d i c a t e d  by o i l - f low pa t te rns  and  aerodynamic  hea t ing  rates mea- 
sured on t h e  gap walls. Typica l  gap  hea t ing  rates,  normalized by t h e  r e fe rence  
wing hea t ing  rate, are p l o t t e d  i n  f i g u r e  1 3  as a f u n c t i o n  of rad ia l  d i s t a n c e  
from t h e  wing t r a i l i n g  e d g e .  D a t a  o b t a i n e d  o n  t h e  s t u b  s i d e w a l l s  a d j a c e n t  to  
the  upper  and lower e levons  are rep resen ted  by unt icked and t icked  symbols, 
r e s p e c t i v e l y .  R e s u l t s  are p resen ted  for elevon-stub  gap  widths  of  1.19, 0.59, 
and 0.18 cm, fo r  an  e l evon  de f l ec t ion  o f  loo, and for  wing angles  of  a t tack of  
0, So, 1 Oo, and 15O. Most of  the  hea t ing  occurred along the a f t  edge of t h e  
s tub.  The p e a k  hea t ing  occur red  a t  the  co rne r  of t h e  s t u b  sidewall n e a r e s t  t h e  
windward s u r f a c e  o f  t h e  wing.  The  peak h e a t i n g  ra t io  ($&) was about  0.27 f o r  
the large gap width and about 0.36 f o r  t h e  small width.   The  gap  heating  appears 
to be a loga r i thmic   func t ion  of r .  As c1 was inc reased ,   hea t ing  to the  gap 
i n t e r i o r  i n c r e a s e d ,  p r o b a b l y  because of  grea te r  f low through the  gap .  
The effect of e l evon  de f l ec t ion  ang le  on elevon-stub gap heat ing is shown 
i n  f i g u r e  14. Normalized gap heat ing is p l o t t e d  a g a i n s t  radial  distance from 
t h e  wing t r a i l i n g  e d g e  for gap widths of 1.19, 0.59, and 0.18 cm and an angle  of 
attack of loo. Gap h e a t i n g  is d i r e c t l y  related t o  t h e  h e a t i n g  l e v e l  o n  t h e  wing 
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ahead  of  the  gap  and  independent  of  e levon def lec t ion  be tween 0 and 15O. The 
o i l - f l o w  p a t t e r n s  a n d  h e a t i n g  r e s u l t s  i n d i c a t e  t h a t  t h e  f l o w  p r o b a b l y  e n t e r s  
the elevon-stub gaps from the wing surface and not  f rom the elevon surface.  
T h e r e f o r e ,  t h e  e f f e c t  o f  e l e v o n  d e f l e c t i o n  c a n  b e  n e g l e c t e d  when de termining  
gap  hea t ing  nea r  t he  h inge  l i ne  o f  t he  e l evon .  
The effect  of  e levon-stub gap width on gap pressure and heat ing is shown 
i n  f i g u r e s  15  and  16. Gap pressure  normal ized  by wing p r e s s u r e  is p l o t t e d  
a g a i n s t  g a p  w i d t h  i n  f i g u r e  1 5  f o r  t w o  l o c a t i o n s  a l o n g  t h e  a f t  e d g e  o f  t h e  
s tub  s idewa l l .  Model a n g l e  of attack and  e l evon  de f l ec t ion  ang le  are loo. 
Gap p res su re  va r i e s  i nve r se ly  wi th  gap  wid th .  A s  gap  width is reduced ,  the  
gap  p res su re  nea res t  t he  windward sur face  approaches  the  pressure on  the  wing 
su r face .  
Gap h e a t i n g  v a r i e s  w i t h  g a p  w i d t h  i n  a similar manner, as shown i n  f i g -  
u re  16. Elevon-s tub  gap  hea t ing  neares t  the  windward s u r f a c e  v a r i e s  i n v e r s e l y  
with gap width as d i d  the  gap  p res su re .  However, hea t ing  to  t h e  g a p  i n t e r i o r  
decreased with reduced gap width because the  f low th rough  the  gap  is probably 
reduced so t h a t  a g rea t e r  po r t ion  o f  t he  f low ene rgy  is t r a n s f e r r e d  to  the  gap  
entrance  and less energy  remains t o  p e n e t r a t e  i n t o  t h e  i n t e r i o r .  T h i s  t r e n d  
was s e e n  i n  a e r o t h e r m a l  studies of   spanwise  cove  heat ing  ( refs .  3 and 8) where 
leakage  was reduced and  the  f low energy  was absorbed  near  the  en t rance  for  
sho r t   exposures .   The re fo re ,   t he   hea t ing   d i s t r ibu t ion   shou ld   va ry   w i th  time and 
g r e a t e r  h e a t i n g  t o  t h e  g a p  i n t e r i o r  s h o u l d  occur as the  gap  en t r ance  r eaches  
equilibrium temperature. The gap  hea t ing  fo r  t he  tests with  unequal   gap  widths  
on  each side of t h e  s t u b  (unsymmetric  elevon-stub  gaps,  t ab le  11) showed t h e  
same re l a t ionsh ip  wi th  gap  wid th  as t h a t  shown i n  f i g u r e  1 6 .  T h e r e f o r e ,  t h e  
elevon-stub gap heat ing was n o t  a f f e c t e d  by t h e  s i z e  of the  gap  on  the  oppos i te  
s i d e  o f  t h e  s t u b ,  so t h a t  h e a t i n g  results f rom the  gaps  on  e i ther  side o f  the  
s t u b  can be eva lua ted  independent ly .  
The e f fec t  on  e levon-s tub  gap  pressure  and  hea t ing  of the  local Reynolds 
number on t h e  wing s u r f a c e  is shown i n  f i g u r e s  17  and 18. Gap p r e s s u r e  normal- 
i zed  by wing p r e s s u r e  is plotted aga ins t  un i t  Reyno lds  number f o r  t w o  l o c a t i o n s  
a long  the  a f t  edge  o f  t he  s tub .  The p r e s s u r e  r a t i o  is independent  of  Reynolds 
number nea r  t he  windward  su r face ,  bu t  i nc reases  on  the  in t e r io r  as Reynolds num- 
ber  is decreased. A s  Reynolds number is inc reased ,   t he  pressure d i f f e r e n c e  
through  the  gap is also i n c r e a s e d .  T h i s  d i f f e r e n c e  i n d i c a t e s  p o t e n t i a l  for 
g rea t e r  f l ow and hence increased heat ing with increasing Reynolds  number,  as 
shown i n  f i g u r e  18. Al though the  hea t ing  near  the  windward  sur face  of  the  s tub  
is closer -to t h e  wing h e a t i n g  f o r  t h e  lower Reynolds  numbers ,  the actual  heat  
f l u x  a n d  t h e  o v e r a l l  h e a t  l o a d  i n c r e a s e d  w i t h  R e y n o l d s  number. T h i s  t r e n d  is 
similar to t h a t  n o t i c e d  i n  f i g u r e  16 where higher  heat ing near  the wing s u r f a c e  
r e s u l t e d  i n  less h e a t i n g  to t h e  i n t e r i o r  because of a decrease i n  g a p  f l o w  rate.  
Elevon Gap P r e s s u r e s  and Heating Rates 
The f low through the large gap between the elevons produced higher  convec-  
t i ve  hea t ing  and  some local ized f low impingement  areas (as i n d i c a t e d  by t h e  oil- 
f l o w  p a t t e r n s  i n  f i g .  1 0 )  w h e r e  p e a k  hea t ing   probably   occur red .  However, insuf-  
f i c i e n t  i n s t r u m e n t a t i o n  was loca ted  on  the  e l evon  s idewa l l s  to  a c c u r a t e l y  d e f i n e  
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t hese '  peak h e a t i n g  areas. L imi t ed  e l evon  gap  hea t ing  d i s t r ibu t ions  no rma l  to 
the  e l evon  windward s u r f a c e  were o b t a i n e d  a n d  t y p i c a l  r e s u l t s  are p r e s e n t e d  i n  
f i g u r e  19  for v a r i o u s  e l e v o n  d e f l e c t i o n  a n g l e s  up to  15O. R e s u l t s  are p resen ted  
fo r  an  ang le  o f  at tack of loo and gap widths of 9 . 6 5  and 8 . 0 8  cm. These results 
are f o r  l o c a t i o n s  4 0 . 6  cm from t h e  e l e v o n  h i n g e  p i n t .  The unt icked and ticked 
d a t a  s y m b o l s  r e p r e s e n t  t h e  resul ts  o n  t h e  s i d e w a l l s  of the upper and lower 
e l evons ,   r e spec t ive ly .  
I n  f i g u r e  1 9 ,  e levon gap  hea t ing  rates are normalized by t h e  r e f e r e n c e  
hea t ing  rates on   the  windward s u r f a c e s  o f  t h e  e l e v o n s  ( f i g .  6 ( a ) ) .  Heating 
resul ts  f o r  t h e  t h r e e  l o c a t i o n s  o n  t h e  windward h a l f  o f  t h e  s u r f a c e  are d i r e c t l y  
r e l a t e d  to  windward su r face  hea t ing  and  appea r  t o  be independent of elevon 
d e f l e c t i o n .  However, hea t ing  results on   t he   l eeward   ha l f   o f   t he   su r f ace   va r i ed  
inve r se ly   w i th  6, i n d i c a t i n g  i n t e r f e r e n c e  f r o m  t h e  f l o w  o f f  t h e  leeward s u r f a c e  
of  the model. Gap hea t ing  appea r s  to peak j u s t  beyond a depth of  5 cm, and 
t h e  p e a k  va lue  decreased  wi th  increased  gap  wid th .  Peak  hea t ing  va lues  o f  
~ $ 4 ~  = 0 . 1 6  and 0 . 2 8  occurred  for  e levon gap  wid ths  of  9 . 6 5  and 8 . 0 8  cm, 
r e s p e c t i v e l y .  Laver h e a t i n g  n e a r e s t  t h e  windward  edge  of  the  elevon  probably 
occurred because of  f low separa t ion  produced  as t h e  flow from t h e  windward su r -  
face  expanded  around  the  corner   and  turned  into  the  gap.  The o i l - f l o w  p a t t e r n  
a long  the  edge  ( f ig .  10)  s u p p o r t s  t h e  idea t h a t  f l o w  s e p a r a t i o n  occurred a long  
the edge.  These normalized peak heat ing ratios ob ta ined  wi th  a t u r b u l e n t  
boundary layer  are much less t h a n  t h e  S p a c e  S h u t t l e  d e s i g n  c r i t e r i o n  o f  1 . 0  
der ived  wi th  a laminar boundary layer on both the wing and elevons as described 
ear l ier .  The d i f f e r e n c e  is probably d u e  t o  t h e  c h a n g e  i n  t h e  r e f e r e n c e  h e a t i n g  
from t u r b u l e n t  t o  laminar ,  b u t  t h e  a b s o l u t e  v a l u e s  o f  h e a t i n g  i n s i d e  t h e  g a p  
are p r o b a b l y  n o t  t h a t  d i f f e r e n t .  
I n  t h e  tes t  wi th  unsymmetr ic  e levon def lec t ion  angles ,  the  sidewall h e a t i n g  
on each elevon was t h e  same funct ion  of  its own e levon  r e fe rence  hea t ing  va lue  
te as t h a t  shown i n  f i g u r e  19.  Genera l ly ,  sidewall h e a t i n g  was n o t   a f f e c t e d  by 
de f l ec t ion  ang le  o f  t he  ad jacen t  e l evon  fo r  t he  r ange  of ang le s  tested. There- 
f o r e ,  no apprec i ab le  mix ing  o f  t he  f low in  the  gaps  occurred nea r  t he  e l evon  
sidewalls and  the  f low a long  the  e levon s idewal l s  would be c h a r a c t e r i s t i c  o f  
ex terna l  boundary  layer  f low or deve lop ing  f low be tween  pa ra l l e l  p l a t e s .  
S imi l a r  e l evon  gap  hea t ing  resul ts  are p r e s e n t e d  i n  f i g u r e  20  f o r  v a r i o u s  
model angles   o f  a t tack and 6 = loo. Again,   the   peak  heat ing  occurred a t  a 
depth  of  about 5 cm. I n   t h i s   c o m p a r i s o n ,   t h e   g r e a t e s t   i n f l u e n c e   o f  leeward 
f low  occurred a t  = 5O. Inf luence   o f  leeward f low  on  e levon sidewall hea t ing  
is dependent on both c1 (windward  flow  conditions)  and 6 ( p r e s s u r e   d i f f e r e n -  
t i a l  across e l e v o n ) ,  as i n d i c a t e d  by a comparison of the results p r e s e n t e d  i n  
f i g u r e s  19  and 20.  
The f low e f fec t s  p roduced  by varying elevon gap width are  d i f f i c u l t  to 
de f ine  s ince  they  are l o c a l i z e d  a n d  t h e  i n s t r u m e n t a t i o n  was spa r se .  The gap 
p r e s s u r e  f o r  t w o  l o c a t i o n s  are p l o t t e d  a g a i n s t  g a p  w i d t h  i n  f i g u r e  21 .  The 
gap was v a r i e d  f r m  7 . 2 6  to  9 . 6 5  cm. The angle  of  a t tack and elevon def lec-  
t i o n  a n g l e  were loo. The pressure l e v e l s  a t  t h e  two o r i f i c e s ,  located a t  
d = 1 5 . 2  cm, d i f f e r  g r e a t l y ,  b u t  t h e  p r e s s u r e  does not  vary with gap width,  
a g a i n  i n d i c a t i n g  t h a t  t h e  f l o w  is cha rac t e r i s t i c  o f  boundary  l aye r  f low.  A s  
shown i n  f i g u r e  22,  e levon  gap  hea t ing  nea r  t he  windward s u r f a c e  of t he  e l evon  
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var i e s  s ign i f i can t ly  wi th  gap  wid th  even" though  the  hea t ing  a t  d = 15.2 cm ' i s  
independent  of W (similar to p r e s s u r e )  . The va lue   o f  +Ge peaks a t  0.3 a t  
d = 5.2 c m  f o r  a gap  width  of  about  7.7 cm. Apparently,   the  f low  impingement 
s h i f t s  as t h e  a s p e c t  ratio o f  t he  gap  va r i e s .  A g e n e r a l  d e f i n i t i o n  o f  aspect 
ratio f o r  t h i s  a p p l i c a t i o n  c o u l d  be t h e  ratio o f  t he  l eng th  f rom the  h inge  
p o i n t  to t h e  g a p  w i d t h .  I n s u f f i c i e n t  d a t a  e x i s t  t o  s u b s t a n t i a t e  t h e  e x a c t  
location of the flow impingement. 
Normalized elevon gap heating varies o n l y  s l i g h t l y  w i t h  local u n i t  Reynolds 
number on  the  wing  surface,  as shown i n  f i g u r e  23. Some o f  t h e  v a r i a t i o n s  c o u l d  
be caused by small changes  in  f low d i r ec t ion  as it expands around the elevon gap 
edges.  The most s ign i f i can t  change  occur red  nea r  t he  l eeward  su r face  o f  t he  
wing.  The t r e n d s  are very similar to  those  noted  for   the  e levon-stub  gap.  
CONCLUDING REMARKS 
A l a r g e - s c a l e  model t h a t  r e p r e s e n t s  a wing-elevon junct ion on a S h u t t l e -  
type e n t r y  v e h i c l e  was ae ro the rma l ly  t e s t ed  in  the  Lang ley  8 -Foo t  High- 
Temperature   Structures   Tunnel .  The purpose  of   the test  was t o  s tudy  the  f low 
pattern between elevons and to de termine  the  pressure  and  hea t  load  wi th in  the  
chordwise gaps formed by ad jacen t  e l evons  and by t h e  s t u b  fa i r ing  which  sepa-  
rates the  e levons .  Tests were performed a t  a f ree-s t ream Mach number of  6.8 
with a turbulen t  boundary  layer  on  the  wing and  elevon. Nominal test  condi- 
t i o n s  were a dynamic pressure of 62 kPa and a t o t a l  temperature of 1870 K to  
produce a f ree-s t ream uni t  Reynolds  number of  4.6 x 1 O6 m- l .  Tests were also 
performed a t  a reduced temperature of 1500 K and a t  reduced uni t  Reynolds  nwn- 
b e r s  to  1.05 x 1 O6 m - l .  Both model angle of a t tack and  e levon def lec t ion  angle  
were var ied from 0 to 15O, and gap widths between the stub and elevons were 
varied  f rom 0 to 1.19 cm. The cor responding   var ia t ion   in   gap   wid th   be tween 
e levons  was from  7.26 to  9.65 cm. 
Test results ind ica t e  tha t  hea t ing  in  the  na r row gaps  be tween  the  s tub  
and  e levons  (near  the  e levon h inge  poin t )  occurs p r imar i ly  a long  the  a f t  edge 
of the  s tub  nea r  t he  windward s u r f a c e  of t h e  wing.  Elevon-stub  gap  heating is 
p r o p o r t i o n a l  to wing hea t ing  and  is independent  of  the  e levon def lec t ion  angle .  
Gap p r e s s u r e  and hea t ing  are i n v e r s e l y  p r o p o r t i o n a l  to  gap  width.  The maximum 
measured heating was 36 p e r c e n t  of t h e  t u r b u l e n t  h e a t i n g  o n  t h e  wing and 
occurred  for  an  e levon-s tub  gap  wid th  of  0.18 cm. 
The aerodynamic heat ing within the larger  gap between elevons (downstream 
of  the  h inge  poin t )  is p r o p o r t i o n a l  to t h e  h e a t i n g  o n  t h e  windward s u r f a c e s  o f  
the  e levons  except   near   the  leeward  surface.   The flow a long  the  e l evon  s ide -  
walls is typica l  of  boundary  layer  type  f l o w  and  cha rac t e r i zed  p r imar i ly  by t h e  
f l o w  o n  t h e  e l e v o n  s u r f a c e s ,  i n  p a r t i c u l a r  t h e  windward s i d e .  Gap h e a t i n g  
decreases  wi th 'gap  wid th .  A peak heat ing of 30 p e r c e n t  of t h e  t u r b u l e n t  h e a t -  
i ng  on  the  e l evon  was obta ined  wi th  an  e levon gap  wid th  of about 7.7 cm. Peak 
heat ing values  normalized by t u r b u l e n t  r e f e r e n c e  h e a t i n g  were much less than  
the  Space  Shu t t l e  des ign  cr i ter ion de r ived  wi th  a l aminar  re ference .  The d i f -  
f e r e n c e  was probably due t o  the  change  in  reference hea t ing  f rom tu rbu ien t  to  
laminar ,  and  the  absolu te  hea t ing  ins ide  the  gap  was p r o b a b l y  n o t  t h a t  d i f f e r -  
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ent.  The  heating  within  the  large  gaps  between  elevons  and  the  narrow gap 
adjacent  to  the  stub  is  only  slightly  affected  by  the  Reynolds  number  variation 
of the  present  tests. 
National  Aeronautics  and  Space  Administration 
Langley  Research  Center 
Hampton,  VA 23665 
December 3,   1980 
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TABLE I.- LOCATION OF PRESSURE AND HEATINGRATE INSTRUMENTATION ON MODEL 
(a)  Pressure orif  ices 
Orif ice 
al an an an an 
d, rr 2, Y I  X I  
External surfaces 
Pw 
0 -7.62 -33.55 41.33 Perk 
0 -7.62  33.55 41.33 Peru 
0 -7.62 0 -1.55 
Stub base 
p6 2.34  -5.28 0 2.79 
P7 12.75 5.13 0 10.11 
Stub upper sidewall 
P11 2.34 5.26  -5.28 2.44 1.24 
p13 
2.21  2.87  -5.41  2.44  -5.08 p17 
1.27 1.45  -6.35 2.44  -2.64 p16 
13.08 17.88 5.46  2.44  8.79 
Stub lower sidewall 
p31 1.19  -2.44  -5.23 
1.22 1.47 -6.40 -2.44 2.69 p36 
2.39 5.31 
. 
p33 
2.29 2.77  -5.33  -2.44  5.11 p37 
13.08 17.96 5.46  -2.44  8.81 
Upper elevon surface 
P59 15.24 7.62  2.44  2.54 
p60 
Lower elevon surf ace 
15.24 7.62  3.71  30.48 p61 
15.24 7.62 3.71 1 5.8.8 
p79 15.24 7.62  -2.44  2.54 
p80 
15.24 7.62 -3.71  33.02 p81 
15.24 7.62 -3.71 15.80 
1 1  
TABLE I.- Continued 
(b) Thermocouples 
. -~ ~ - ~ . r ~. ." 
Thermocouples 21 Y? X1 
cm 
~ cm ~ r - - d l  cm - -1 cm cm - .. - " 
External  Surfaces 
~ ~ _ _ ~ ~ " _ _ _ _  - . 
4w 
0 -7.62  -33.5521 .Ol 4ela 
0 -7.62 33.55 21 .01 4elu 
0 -7.62 0 -7.90 
- . ~~ " .  ~~ 
Stub  base 
. .  - .. 1~~~~ ~~~ -~ 
96 
12.88 48 
1.07 1.90 
16.71 0 I 
97 8.36 0 7.04 
Stub upper  sidewall 
$1 1 
4.32 -3.30 2.44 -3.58 41 7 
1.27 -6.35 2.44 -4.09 ?15 
17.40 9.78 2.44 1 1  .86 511 4 
8.81 1.19 2.44 5.82 91 3 
1.35 -6.27 2.44 0.51 
91 2 4.60 -3.02 2.44 2.77 
q1 6 3.43 -4.1 9 2.44 -1.09 
Stub  lower  sidewall 
$31 
932 
5133 
y34 
935 
?36 
937 
0.41 
2.69 
5.89 
1 1  .89 
-4.1 4 
-1 .19 
-3.61 
-2.44 
-2.44 
-2.44 
-2.44 
-2.44 
-2.44 
-2.44 
-6.40 
-3.1 0 
1.22 
9.68 
-6.30 
-4.29 
-3.30 
4.1 1 
7.67 
1: .73 
23.09 
1.52 
4.1 1 
4.32 
1.22 
4.52 
8.84 
17.30 
1.32 
3.33 
4.32 
4.09 
7.70 
12.75 
23.04 
1.47 
4.09 
4.32 
~. ~. ~ .... 
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TABLE I .- Concluded 
(b) Concluded 
Thermocouples rr d, z t  Yt X I  
cm cm cm cm  cm 
Upper  elevon  sidewall 
$51 
952 
$53 
q54 
457 
955 
456 
q60 
461 
e62 
0.1 0 
3.71 39.37 
3.71 40.34 
3.71 19.99 
3.71 40.64 
3.71 20.32 
2.44 3.84 
3.71 40.64 
3.71  20.35 
2.44 3.81 
2.44 -5.08 
-5.08 
-5.08 
-5.00 
-2.54 
-2.52 
-2.46 
7.57 
7.52 
20.07 
Lower  elevon  sidewall 
- 
0 
3.86 
20.29 
40.67 
3.04 
20.32 
40.67 
19.76 
39.98 
39.37 
-2.44 
-2.44 
-3.71 
-3.71 
-2.44 
-3.71 
-3.71 
-3.71 
-3.71 
-3.71 
-5.08 
-5.08 
-5.08 
-5.11 
-2.54 
-2.54 
-2.57 
7.34 
7.39 
20.19 
' 2.54 
1 2.54 
2.54 
2.62 
5.08 
5.1 0 
5.1 0 
15.1 9 
15.74 
27.69 
2.54 
2.54 
2.54 
2.51 
5.08 
5.08 
5.05 
14.96 
15.01 
27.81 
TABLE 11.- TEST CONDITIONS 
deg cm 
Sealed spanwise gap 
1 61.9  1890  4.56 x l o 6  10   10 10 9.65 1.19  1.19 
Maximum e levon-s tub  gaps 
61.3 
61 .7 
62.6 
62.2 
9 61.8 
1790 
1830 
1890 
1870 
1870 
1930 
1830 
1830 
4.82 x l o 6  
4.72 
4.59 
4.56 
4.59 
4.53 
4.69 
4.66 
0 0 0 
0 10 10 
10 0 0 
10 5 5 
10 10  10 
10 1 5  15  
1 5  10 10 
5 10 10 
Reduced elevon-stub gaps 
~ ~ ~~~ ~~~ 
11 0  62y7 I:fi :::," x l o 6  10 
62.4  10 
12  62.1  4.43  10 
13  62.6  1900 4.56  10  10 
14 
15 
16 
17 
18 
19  
7 
- 
- 
" 
-. 
-. 
- 
- 
- 
-. 
- 
- 
- 
- 
- 
24 45.1 1940  3.22 x l o 6  10  10 10
9.65  1.19  1.19 25 14.9  1960 1.05  10 70 70 
9.65  1.19 1.19 
Unsymmetric elevon-stut 
I I I I 
63.1 1900 4.63 x l o 6  10 
62.4 1960 4.46 10  
62.6 1910 4.56 10 
62.5 1910 4.56 10 
62.6 1860 4.66 5 
62.3 1900 4.56 15  
I 
10 
10 
1 5  
10 
10 
~ 
~0 
I 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 
10 
10 
0.55 
0 10  
.12 10  
.27 
9.65 
9.65 
9.65 
9.65 
9.65 
9.65 
9.65 
9.65 
0.57 
7.57 .18 
7.92 .32 
8.51 
0 7.26 
gaps 
I I 1 
10 
10 
0 
1 5  
10 
10 
1.23 
.59 
.59 
.59 
.59 
.59 
8.08 
8.08 
Unsymmetr ic  e levon def lect ions 
20 62.6  1850  4. 6 x l o 6  10 0 70 9.65  1.59  1.19 
21 61.3  1870 4.53 10 5 10 
9.65  1.19 1.19 22 62.3  1910  4.56 10  15  10 
9.65  1.19  1.19 
Reduced t o t a l  temperature - 
23  53.8  1 00  4. 6 x l o 6  10  10  10 9.65 1.19  1.19 
Reduced uni t  Reynolds  number 
14 
TABLE 111.- REFERENCE PRESSURES AND HEATING RATES  ON WING 
AND ELEVON  WINDWARD SURFACES 
Test  Pwr' & r Pe,ur Pergr 7 
kPa kPa ____ kw/m kW/m2 kPa ' kW/m2 
Sealed spa] 
I I I 
nwise  gap 
1 8.1  4 624.8 61 1 .1 27.03 1 83.5  26. 4 I 
2.33 
2.34 
8.41 
8.20 
8.27 
8.55 
14.00 
4.62 
Maximum  elevon-stub gaps 
65.0 
421 .8 41 8 .9  1 6.82 16.69 116.0 
811.9 793.5 38.96 37.92  272.0 
949.0 934.1 44.96 44.1  3 195.5 
61 4 .2  620.9 27.24 27.58  185.0 
382.5 366.5 15.51 14.76  189.5 
223.8 21 9.0 8.27 8.07  190.7 
233.7  235.3 8.62 8.69  65.8 
81 . o  78.3 2.51 2.41 
Reduced  elevon-stub gaps 
1 0  
654.8 631.2  27.72 26.55  195.7 8.07  13 
673.3 654.3  26.96 26.06 199.1  8.14 1 2  
636.3 625.3 27.1 0 26.55 186.1 8.20 11 
626.1 618.3 27.99 . 27.58  175.6 8.20 
Unsymmetric  elevon-stub gaps 
1 4  8.07 186.9 26.20 27.79 625.2 
844.2 81 5.5 38.06  36.54 289.1 13.65  19 
41 8.3 41 3.9 16.41 16.20  11  7.6 4 .65   18  
980.7  954.3  43.78 42.40  182.4 8.00  17 
235.6  230.6 8.27 8.07 7 92.5 8.00 16 
679.6  665.2 27.58 26.89  206.0 8.27 1 5  
657.2 
Unsymmetric  elevon deflection 
20 8.00 191  .6  7.93 27.58  221.3  638.4 
21 8.1 4 189.1 14.89 27.30  372.2 623.2 
22 646.7 944.6  27.37 42.75 176.8 8.07 
_ .  
Reduced total temperature 
23 
201.6 201 .6  6.27 6.27 60.4 2.00  25 
506.5 494.5  19.79 19.24 154.8 6.07 24 
Reduced  unit Reynolds number 
424.0  425.0 24.20 24.27 136.6 7.38 
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TABLE IV.- EXPERMENTAL PRESSURES IN MDDEL GAPS 
Stub base 
p81/%  p80/& p79/pw p61Ipw p60/&  59/& p37/pw  p36/pw P33hw P311pw p17/&  16/& P13/Pw PI1 /Pw P7/& P6/Pw 
Lower elevon sidewall Upper elevon  sidewall Stub lower  sidewall Stub upper sidewall 
rest 
Sealed  spanwise  gaps 
1 0.061  0.015 0.011 0.035  4  0.019  0 1320.033  0.015  0.053  0.206 0.042  0.004 0.067 0.014 0.016 
Maximum  elevon-stub gaps 
.050 .014 
.037 .020 
.019 .017 
.030 .027 ! 0.1 39 0.080 .049 .053 .060 .010 .059 .008 .052 .Ole 0.21 3 .139 .164 .150 .lo7 .129 .lo2 . 1 1 6  ! 0.1 01 .083 .022 .01 3 . 01 3 .026 .017 .027 0.1 83 .153 - 1 1  5 .118 .111 .134 .099 .lo9 0.246 .224 . 1 39 .182 .1 62 .172 .143 .149 0.142  0.112 0. 66 0.104 0.092 .094  .097 .171 .062  .094 .031 .025  .057  .022  .018 .028 .022  .059  .013 .018 .017  .017  .040 .017 .017 .031  .03   .089  .034 .0 6 .009  .044  .089  .019 .007 .033 .027 .090 .015  .024 . 
Reduced  elevon-stub  gaps 
10 
.675  4 9 --- .017 .060 --- . 01 2 -" --- .479 .521 -" --- .015  .014 13 .237 .250 .076 .019  .062  .093  .017  .052 .263  .318 .271 .037  .249  .010 .012 12 
.155  .195  .046 .018 .046 .042 .013 .034 .162 .261 .178  .024.162 . 01 3 . 01 8 1 1  0.090  0.192  0.0 7  .017  0.0 1  0.026  0.013 0.018 0.090  207 0.093 0.008 0.102  12  26
Unsymmetric elevon-stub gaps 
. 01 3 
0.010 
,01 3 
.01 5 
.01 2 
.036 
.008 
0.053 0 
.092 
.lo7 
.009  .098 
.012 .091 
.010 
.007  .096 
.019 
0.1 05 
.097 
.132 
.1 07 
.lo5 
.096 
0.1 35 
.204 
.206 
.238 
.224 
.21 0 
1 .311 
0.238 
.236 
.240 
.284 
.311 
.206 
0.325 
.078 
.133 
.1 03 
.082 
1 
.063 , 
0.015  .056 .096 0.018 0.074 
.019  .055 .019 .046 
.Ole .093  .110  .lo6 
.033  .065  .114 .037 .081 
.008 .059 .088 .010  .078 
Unsymmetric  elevon  deflection 
20 
.071  .015  .013  .056  .021  .030 .127  .lo3 .013 .060 .167  .119  .0 5  .142 .010 .016 22 
.060 .Ole .010 .038 .014 .014  .130 .093  .014 .059  .160 .164 .001 .053  .015  .017 21 
0.051 0.023 0.016 0.038 0.021  0.020  0.129 0.103  0.019 0.060 0.220 0.160 0.003  055  016  0.020 
Reduced  total  temperature 
23 0.058 0.016 0.008 0.037 0.015  12  1360.106 0.013  056  0.140  0.107 0 0.050  .014 0.016 
Reduced unit Reynolds  number 
24 
.076 .021 .010 .052 .017 .017 .124 .138 .031 .059 .134 .128 .010 .059  .024  .069 25 
0.063  0.015 0.010 0.047 0.019 0.019  141  100.015  0.059 0.150 0.114 0 0.056  .014 0.022 
TABLE V. - EXPERIMENTRt HEATING  RATES I N  MODEL GAPS 
2  0.0105  0.0017  -0.0035  0.236 
3  .0172 0 .0224  . 69
4 .0250 .2320 .0238  .242 
5  .0246 .0251 .0180  .288 
6 .0245  .0307  .0147  .262 
7  .0250  . 366  .0139  .258 
8 .0184  .0254  .0063  .282 
9  .0245  .0245 .0489 .279 
__ 
0.0227 
.0207 
.0476 
.0563 
.0595 
.0600 
.0572 
.0470 -
Maximum elevon-stub gaps 
-0.0017  -0.0052  0.0541  0.0192 0 0.246 
-.0017  -.0069  .0397  .0207  .0052  .266 
.0137  .0048 .lo50 .0071 .0030 .286 
.0156  .0035  .lo70  .0090  .0084 .271 
.0288  .0123 .0982 .0184 .0092 .232 
.0215  .0058 .OB88 .0075 .0070 .250 
.0442  -.0042 .1330 .0196  .0104  .277 
.0127 .0020 .0714 .0127 .0049 .248 
Reduced elevon-stub gaps 
10 
.0006  .0012  .0070 .0012 .0006 .0006 0 .0017 .0012 .0133 .0023 .0012  .0017 0 -.0017  -.0041  .0145 13 
.0217 -0274 .0570 0 .0040 .0473  .340  .0245  . 257 .0667 .0011 .0028 -0616 .357 .0188 .0371 .0239 12 
.0207 .0335  .0720.0006 .0211 .0652 .305 .0244 .0329 .0860 0 .0177 .OR54 .326 .0140 .0488 .0262 1 1  
0.0142  0.0304  0.0911  0.0019 0.0200  0.0640 0.254  0.0187  0.0278 0.0905 0.0071 0.0220  .0782  .265 0.0488  0.0517  0.0226 
.0255 
.0241 
__ 
1.0589 
.0628 
.0495 
.0572 
.0386 
.0726 -
Unsymmetric elevon-stub gaps 
Unsymmetric elevon deflections 
- 
1.0510 
.0457 
.0649 
.0380 
.0222 
.0664 -
0.0049 
-0220 .0294 .0550 -.0020 .0055 
.0183  .0203  .0512 .0010 .0010 
.01801 .0292  .0548 0 .0044 
.0100; .0230 .0389  .0006  .0047 
.0209,, .0259  .0606 .0006 .0044 
0.0225, 0.0285  0.0607 0 
20 
"0077 -0051 .0706 -0071 .0160 .0449 .266 .0032 .0013  .0706 0 .0186  .0392  .260 .0096  .0359  .0199 22 
.0048 .0054  .0822  .0108 .Ole0 .0492 .232 .0030 .0042 .0846 .0084  .0126 .0408 .230 .0222 .0240  .0210 21 
0.0036  0.0024 0.0800 0.0071  . 160 0.0456 0.241  0.0024  0.0071  0.0699  .0036  .0113  0.0385  0.207  0.0213  0.0231 0.0195 
Reduced total temperature 1 
23 0.0033 0.0058 0.0681 0.0050  0.0133  0.04 7 0.211 0.0066 0.0116 0.0673  .0066  0.0166 0.0365  0.203 0.0174  0.0199  0.0174 
Reduced unit Reynolds number 
24 0.0037  0.0081  0.0968  0.0081  0.0198 0.0565 0.268  0.0066  0.0110  0.0799  0.0073  .02200.0594  0.269  0.0117  0.0264 0.0249 
25 0 -0113 .0714  -.0038  .0169 .0695 .387  .0056  .0169 .0714 -.0056  .Ole8 .0752 .376 .0301  .0263  .0338 
TABLE V.- Concluded 
Upper elevon  sidewall Lower elevon  sidewall 
est 
651 /& 1452/4w ¶ 7 7 / ~ ~ / ~ 8 0 / ~ w l ~ a l / ~ w [ ~ 8 2 / ~ ~  475/'&/476/qw 
4 7 4 1 4 ~   4 7 3 1 4 ~  472/4w 471 /qw d60/4wWjil61/4w 4 6 2 1 4 ~  4 5 7 1 4 ~  456/4w 455/'& 454/4w 453/4w 
. . . .  * . . . .  
Sealed  spanwise gap 
1 
Maximum  elevon-stub  gaps 
0.132  0.228 0.0062  0.458  0.463  0.0705  0.244  0.139  0.233  0.0396  0.1210 0.212  0.0148  0.395  0.450  0.0674  0.244 0.120  0.170  0.0278 
.0586 .231 
.0820 .178 
.0620 .184 
.0464 .209 
.0676 .178 
.0656 .192 
0.014 
.070  .052 
.388 .522  .0966  .345  .155 
0.140 0 0.0384  0.108 
.410 .485  . 763  .302  .132 
.477 .399  .0768  .175 .lo4 
.633 .609 .0673  .333  .172 
.406  .446 .0687  .249  .126
.206  .322 .OB02 .135 .080 
.112  .255 .0786 
1 
Reduced  elevon-stub  gaps 
y 0.01 6 
.118 
.152 
0.1 4 
.262 
.51 4 
.310 
.419 
.600 
.301 
.482 
- 
D. 508 
.302 
.098 
.146 
.222 
.362 
.187 
.200 - 
- 
1.073 
.169 
.164 
.lo9 
.149 
.063 
.042 
.428 - 
10 
1 1  
0.165  0.204  0.0136 0.822 0.454  0.1140  0.223 0.116  0.259  0.0536  0.0659  .187  0.0123  0.650  0.464  0.1080  0.267  0.127 0.230  0.0595 
.116 .140  .0046 .756 .408 0 .524 .lo1 .027 0 .1350 .137 .0041  .792  .421 0 .520 .lo4 .040 0 13 
.114 .172  .0125  .804 .431 .lo80 .409  112  .261 .0490 .0792  .166.0114  .873  .452 .0952 .509  126 .147 .0473 12 
.116  .193  .0134  .887  .465  .1440  .279  .116 .259  .0579 .0610 .170 .0122  .967 .495  .1540  .393.141  .192 .0598 
- 
14 
15 
16 
17 
18 
19 - 
- 
1.0686 
.0479 
.0926 
.0355 
.0502 
.OS42 -
__ 
.192 
.231 
.140 
.277 
.258 
.21 3 - 
- 
.l 41 
.128 
.047 
.195 
.136 
.lo6 - 
- 
.313 
.308 
.127 
.so2 
.322 
.SO8 - 
Unsymmetric  elevon-stub  gaps 
Unsymmetric  elevon  deflections 
- 
.112 
.112 
.039 
.189 
.145 
.092 - I - .l 88 .21 8 .086 .490 .269 .484 - - .1190 .1100 .OB49 .1130 .0560 .1290 -I - .435 .41 4 .225 .610 .463 .393 - - .533 .792 .265 .477 .627 .720 - I - .0152 .0127 .0295 .0429 .0299 .0389 -
20 
.141 I '.231 .0330 .437 .457  .0504  .214  .124 .191 .0678  .0678  .130 .0144  .249  .327  .0618  .156  .083  .156 .0678 21 
-122 I .231 .0186 .624 .482 .0507 .220  123  .225 .0674  .OB02 .401 .0302  .752  .680 .lo1 0 .438  .2 2  .218 .0424 22 
0.113  0.205 0.0195 0.419 0.447  0.0498  0.209  0.116  0.185  0.0610 0.1000 0.087 0.0213  .203  .237 0.0610 0.090  0.052  0.147 0.0782 
Reduced  total  temperature 
23 
Reduced unit Reynolds number 
0.124  0.211  0.0282  0.490  0.405 0.0415  0.280 0.097 0.172 0.0498  0.1150  0.208 0.0266  0.507  0.424  0.0498 0.324  0.127  0.140 0.0432 
I 
24 
-070 .182  .0019  .419  .551 .1200  .274  .162  .318  .0940 .0282 .182 .0019  .408 .588 .1170 .306  56  .291 .0771 25 
0.111  0.232  0.0169  0.403  0.467  0.0616 0.194 0.116  0.216  0.0755 0.0887 0.224 0.0154 0.416  0.493  0.0696  0.288  0.132 0.193  0.0652 
f Upper fence 
"I- I 
- i 
I 
-Center support 
\\.\\\\\\\\\\\1\\\\\\\\\\\\\\\\ 
7- Upper elevon 
4- Lower elevon 
F- Lower fence 
Figure 1.- Schematic of wing-elevon  model. 
19 
N 
0 
(b) S ide  view. a = 15O; 6 = 15O. 
(a )  F ron t  view. a = 1 Oo; 6 = 25O. 
(c) Side view without upper elevon. 
a = 15O; 6 = 150. 
L-80-251 
Figure  2.- Test model i n s t a l l e d  i n  L a n g l e y  8-Foot-High-Temperature S t ruc tures  Tunnel .  
Flow 3 
1 2 1 9 . 3  4.9 
I 
Figure 3.- Exploded view of test model. ( A l l  dimensions are in centimeters.) 
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N 
\ 
Spanwise  seal 
Wing 
Figure 4.- Spanwise seals. 
- Spanwise gap  flow 
h) 
W 
Figure 5.- Spanwise  gap flow. 
I 
Pressure orifice 
Heating-rate  thermocouple 
d 
a 0  
0 Y 
(a)  Windward  surfaces. 
Figure 6.- Instrumentation and coordinate system. 
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0 Pressure  orifice 
0 Heating-rate thermocouple 
(b) S t u b .  
(c) Elevon. 
Figure 6. - Concluded .  
L 
25 
L-78-5720 
(a)  Stub instrumentation. 
L-78-7498 
(b)  Stub  attached  to model. 
Figure 7.- Heating-rate  thermocouples  mounted on  test  model surface. 
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Thermocouple 7 
.16 
.08 
I n s u l a t i o n  1 
i am. 
Figure 8.- Details of thermocouple-instrumented  thin plate. (All dimensions 
are in centimeters.) 
I Upper elevon I 
1 - 
I 
" 
tower  elevon 
[Trailing edge 
L-80-252 
Figure 9.- Oil-flow pattern  on wing  and elevon  windward surfaces. W = 9.65; 
6 = 100; a = 100. 
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( a )  c1 = 0. (b) CY = So. 
I 
( c )  a = 100. (d) c1 = 15O. 
L-80-253 
Figure 10- Oil-f low pat terns  on gap  surfaces  between  elevons. 6 = loo. 
Experimental   p,   kPa 
Figure 11.- Pressures on wing and elevon  windward  surfaces for various 
test  conditions. 
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10 100 1000 
Exper imental  4. kW/rn2 
Figure 12.- Turbulent  heating  rates  on  wing  and  elevon  windward  surfaces for 
various  test  conditions. 
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(a) w = 1.19 cm. 
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(b) w = 0.59 cm. 
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(c) w = 0.18 cm. 
Figure 13.- Elevon-stub gap heating  distribution for various  angles of attack. 6 = loo. 
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1 5 10 50 1 5 10 1 5 10 50 
r. cm r, cm r. cm 
( a )  ' w = 1.19 cm. (b) w = 0.59 cm. (c) w = 0.18 cm. . .. 
Figure 14.- .Elevon-stub gap heating distribution for  various elevon  deflection angles. 6 = loo.  
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w 
1 .o 
.1 
P - 
pw 
.01 
r ,  cm 
0 5.3  
0 1 7 . 9  
U n t i c k e d  - Upper  e levon  
T i c k e d  - Lower  e levon 
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Figure 15.- Variation of elevon-stub  gap  pressure  with  gap width. CY = IOo; 
6 = 100. 
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F igure  18.- V a r i a t i o n  of elevon-stub gap heat ing with local uni t  Reynolds  
number. a = 100; 6 = 100; w = 1.19 cm.  
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Figure 19.- Elevon  gap  heating  distribution for various  elevon  deflection angles. a = loo. 
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Figure 20.- E levon gap  hea t ing  d is t r ibu t ion  for  var ious  angles  of attack. 6 = loo. 
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F igure  21.- V a r i a t i o n  of elevon gap pressure with gap width.  o! = loo; 
6 = l oo ;  d = 15.2 cm. 
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Figure 22.- Variation of elevon  gap  heating  with'gap width. a- = 100; .. 6 = 100. 
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Figure 23.- Variation of elevon  gap  heating  with  local  unit  Reynolds  number. 
c1 = 100; 6 = loo; w = 9.65 cm. 
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